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Abstract

Background: Hypertrophic cardiomyopathy (HCM) is a myocardial disease. However, the coexistence of HCM with
muscular ventricular septal defect (VSD), especially those with both incomplete spontaneous closure and coronary
abnormal origin, is relatively rare.

Case presentation: We report herein a unique case of HCM accompanied with incomplete spontaneous closure of
muscular VSD and abnormal origin of right coronary artery (RCA) in a 26-year-old man, which was diagnosed by
combination of transthoracic 2-dimensional (2D), color Doppler, Contrast-enhanced echocardiography and computed
tomography angiography (CTA).

Conclusions: To our knowledge, this is the first report that HCM along with the incomplete spontaneous closure of
muscular VSD and anomalous RCA arising from left coronary sinus was revealed through combination of transthoracic
2D, color Doppler, Contrast-enhanced echocardiography and CTA. These observations indicated that other associated
anomalies in patients with HCM could be easily missed if examined by the single echocardiography. Therefore, HCM-
associated congenital abnormalities should be screened by combination of transthoracic 2D, color Doppler, contrast-
enhanced echocardiography, and CTA.
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Background
Individual hypertrophic cardiomyopathy (HCM), muscu-
lar ventricular septal defect (VSD), and abnormal origin
of coronary artery are common congenital heart dis-
eases. Indeed, HCM and coronary artery anomalies have
been recognized as the leading causes of exercise-related
sudden cardiac death, especially among the young
people. Recently, a case of HCM associated with VSD
has been reported [1]. And several cases of coexistences
of HCM with anomalous origin of coronary artery have
also been reported [2–4]. However, concurrency of three
different types of abnormalities has not been reported.

Case presentation
A 26-year-old man was admitted to our hospital due to
atypical chest pain persisted for many years. He was di-
agnosed as HCM in another hospital two years ago, and
had received medical therapy (angiotensin-converting
enzyme inhibitors and Beta blockers) for 18 months.
Physical examinations did not show abnormality. A
12-lead electrocardiogram (ECG) showed sinus brady-
cardia, left anterior fascicular block, T-wave anomaly,
and abnormal Q wave on the leads of left ventricular an-
terolateral wall (Fig. 1).
2-dimensional(2D) transthoracic echocardiography(T-

TE)indicated hypertrophy (21 mm in diastolic phase) in
the interventricular septum (Fig. 2a; Additional file 1:
Movie 1). There were no detectable gradients with Dop-
pler echocardiography in the left ventricular outflow
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tract at rest. However, a small defect with echo en-
hancement of the broken end was observed within
the hypertrophic interventricular septum (Fig. 2b).
Doppler echocardiography showed systolic blood flow
in a specific direction from left ventricle into the in-
terventricular myocardium (Fig. 2c, Additional file 2:
Movie 2) with a peak flow speed of 1.1 to 1.3 m/s
during the systolic phase (Fig. 2e). In turn, the blood
flow in the opposite direction had a similar flow
speed (Fig. 2d, Additional file 2: Movie 2).
Contrast-enhanced echocardiography further indicated
that the small defect was interlinked with the left
ventricular cavity, but not with the right ventricular
cavity (Fig. 2f; Additional file 3: Movie 3).
In addition, the anomalous RCA originating from left

sinus of Valsalva was observed using 2D TTE (Fig. 3a,
Additional file 4: Movie 4). CTA further confirmed that
RCA arised from left sinus of Valsalva with an interarter-
ial course between the aorta and pulmonary artery
(Fig. 3b and c).

Syncope or family history of sudden cardiac death was
not identified. But the patient’s mother, a 53-year-old
woman, had been diagnosed with ventricular septal
hypertrophy (17 mm in diastolic phase) in our depart-
ment. Considering the expensive cost, the patient and
his mother declined the genetic testing. The young pa-
tient was advised to have regular ultrasound examination
and avoid intensive physical exercise.

Discussion and conclusions
HCM, VSD, and abnormal origin of coronary artery are
common congenital heart diseases. Although HCM with
VSD and HCM with anomalous origin of coronary ar-
tery have been reported [1–4], concurrencies of three
types of abnormalities are rare. Our present case report
provides the evidence for the coexistences of HCM, VSD
and coronary artery anomalies.
Published case reports show higher prevalence of VSD

with HCM in children than adult [5]. Only one case of
VSD with HCM is reported in a 24-year-old female [1].

Fig. 1 12-lead ECG revealed sinus bradycardia, left anterior fascicular block, T-wave anomaly and abnormal Q wave on the leads of left ventricle
anterolateral wall
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Actually, the systolic blood flow signals representing a
muscular VSD have been identified within the hyper-
trophic ventricular septum, which was different from
a coronary artery-left ventricular fistulae characterized
by diastolic blood flow signals [6]. However, in our
patient, the systolic blood flow speed was not as fast
as the typical VSD. The unique dual direction blood
flow between left ventricle and the interventricular
myocardium were found using Doppler echocardiog-
raphy, promoting us to further observe the difference
of the patient’s VSD from common VSD. Following
contrast-enhanced echocardiography, the unique small
defect, i.e., the interlink with the left ventricular cav-
ity, but not the right ventricular cavity, is very differ-
ent from most of the small muscular VSDs that can

close spontaneously within the first two years of life
[7], suggesting that some unknown factors may be in-
volved in the process of incomplete spontaneous clos-
ure of muscular VSD. Unfortunately, we are unable to
establish any genetic association because of the lack
of the genetic testing. Although HCM associated with
VSD is rare in adults [1], the present case character-
ized by the incomplete spontaneous closure of mus-
cular VSD in adults supports for its existence.
With increased availability of cardiac image modal-

ities such as cardiac magnetic resonance imaging
(cMRI), detection of left ventricular wall abnormal-
ities, like myocardial clefts, is becoming more
common [8–10]. Published data reveal a strong rela-
tionship between myocardial clefts and HCM. Indeed,

Fig. 2 Representative images of hypertrophic interventricular septum, muscular VSD and anomalous blood flow signals by TTE. a Hypertrophic
interventricular septum (white arrow). b Non-standard parasternal view showing small muscular defect with the echo enhancement of the
broken end and blood flow in systolic phase (white arrow). c Systolic blood flow (white arrow) from left ventricle into the interventricular
myocardium. d Systolic blood flow (white arrow) from interventricular myocardium into the left ventricle. e Image of a peak flow speed
of 1.1 to 1.3 m/s during the systolic phase. f Contrast-enhanced echocardiography showed small defects (white arrow) being interlinked
with the left ventricular cavity, but not with the right ventricular cavity. LV: left ventricle; RV: right ventricle; IVS: interventricular septum
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from the morphological point of view, the crypts in
the ventricular septal myocardium look similar as the
VSDs with incomplete spontaneous closure. The eti-
ology and pathogenesis of these myocardial structural
abnormalities remain unclear. Taking our case into
consideration, the myocardial crypts (clefts) in the in-
terventricular septum (or part of them) could be the
remnants of VSDs during spontaneous closure due to
the following reasons. At first, the spontaneous clos-
ure of muscular VSD could be due to hypertrophy of
the septal myocardium and/or fibrous tissue hyperpla-
sia, etc. [7], which have been confirmed by anatomic
evidence from a newborn infant with muscular VSD.
In the case, fibrotic tissue replaced the defect, but
gross examination revealed a small depression on the
interventricular septum’s left side [11]. Secondly, Das-
gupta S [12] proposed another possible mechanism for
closure of muscular VSD: right ventricular endocardial
tissue proliferation and coverage. In the report, a 4
mm midmuscular VSD with a left-to-right shunt in a
2-month-old female infant was observed by echocardi-
ography. Three years later, a repeated echocardiog-
raphy showed the defect’s right ventricular side was
closed, but there was still a 4 mm defect in the left

ventricular side. Left-to-right shunt communicating with
the right ventricular cavity was not observed. This is very
similar to our case. At last, Tikanoja T has reported that
the incidence of muscular VSD was higher in children
with HCM, but rare in adults based on clinical evidences
[5]. However, these clinical observations could not be ex-
cluded from the possibility of septal myocardial hyper-
trophy in adults, apart from the spontaneous closure of
most VSDs. With the development of modern diagnostic
instruments, the remnants of these VSDs with incomplete
spontaneous closure (right ventricular side closure only)
shall be more easily detected.
To our knowledge, we are the first to report the

HCM case accompanied with incomplete spontaneous
closure of muscular VSD and anomalous RCA arising
from left sinus of Valsalva, which were revealed
through the combination of transthoracic 2D, color
Doppler, Contrast-enhanced echocardiography and
CTA. Based on our observation, HCM associated
anomalies could be easily missed if examined by the
single echocardiography. Therefore, the combined use
of transthoracic 2D, color Doppler, contrast-enhanced
echocardiography, and CTA are necessary to identify
the associated congenital abnormalities of HCM.

Fig. 3 The RCA arising from left sinus of Valsalva in the patient. a Parasternal short-axis view of TTE, the anomalous RCA (white arrow) origin from
the left sinus of Valsalva and intramural course of anomalous RCA between the aorta and pulmonary artery. b-c Representative CTA images of
the patient. CTA showed RCA from left sinus of Valsalva (B, white arrow), and it had an interarterial course between the pulmonary trunk and
aorta (C, white arrow). AO: aorta; PA: pulmonary artery; LCA: left coronary artery
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Additional files

Additional file 1: Movie 1. TTE revealed the hypertrophic interventricular
septum in the parasternal left ventricle long-axis view. (WMV 905 kb)

Additional file 2: Movie 2. TTE revealed the systolic blood flow signals
representing a muscular VSD within the hypertrophic ventricular septum.
(WMV 469 kb)

Additional file 3: Movie 3. Contrast-enhanced echocardiography
showed the small defect only being interlinked with the left ventricular
cavity, but not with the right ventricular cavity. (WMV 894 kb)

Additional file 4: Movie 4. TTE revealed the RCA arising from left sinus
of Valsalva. (WMV 740 kb)

Abbreviations
2D: 2-dimensional; CTA: Computed tomography angiography;
ECG: Electrocardiogram; HCM: Hypertrophic cardiomyopathy; RCA: Right
coronary artery; TTE: Transthoracic echocardiography; VSD: Ventricular
septal defect

Acknowledgements
We thank Dr. Sheng Li for the computed tomography image acquisition.

Funding
This study was supported by grants from National natural Science Foundation
of China (81670272, 81170095 to J.M.T), National natural Science Foundation of
Hubei (20165CFA027 to J.M.T), and Hubei University of Medicine Innovative
team project (FDFR201601 to J.M.T).

Availability of data and materials
All data that was generated or analyzed during the current study are
available from the corresponding author on reasonable request.

Authors’ contributions
JB and HXJ performed echocardiographic examination and analyzed the
patient data. JMT and FCZ participated in the design of the study and
performed data analysis. GMZ conceived of the study, and participated in
its design and coordination and helped to draft the manuscript. All authors
read and approved the final manuscript.

Ethics approval and consent to participate
The study has been approved by the ethics committee of Renmin Hospital,
Shiyan City.

Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and any accompanying images and movies.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Department of ultrasound, Renmin Hospital, Hubei University of Medicine,
Shiyan 442000, Hubei, China. 2Institute of clinical medicine, Renmin Hospital,
Hubei University of Medicine, Shiyan 442000, Hubei, China. 3Department of
Forensic Medicine, Hubei University of Medicine, Shiyan 442000, Hubei,
China.

Received: 22 April 2018 Accepted: 27 December 2018

References
1. Reddy ST, Paladino Filho AT, Williams RB, Biederman RW. Simultaneous

hypertrophic cardiomyopathy and muscular ventricular septal defect in an
adult patient. Echocardiography. 2012;29(5):E110–1.

2. Moza A, Prashar R, Bawany M. Anomalous origin of right coronary artery
associated with hypertrophic obstructive cardiomyopathy. Am J Med Sci.
2011;342(4):341–2.

3. Georgekutty J, Cross RR, Rosenthal JB, Heath DM, Sinha P, John AS.
Anomalous left coronary artery from the right coronary cusp with gene
positive apical hypertrophic cardiomyopathy: a case report and literature
review. Cardiol Young. 2014;24(3):397–402.

4. Villa AD, Sammut E, Nair A, Rajani R, Bonamini R, Chiribiri A. Coronary artery
anomalies overview: the normal and the abnormal. World J Radiol. 2016;
8(6):537–55.

5. Tikanoja T, Jääskeläinen P, Laakso M, Kuusisto J. Simultaneous hypertrophic
cardiomyopathy and ventricular septal defect in children. Am J Cardiol.
1999;84(4):485–6.

6. Nagumo S, Ebato M, Kurata M, Wakabayashi K, Shimojima H, Sato T, Hori Y,
Suzuki H. A case with apical hypertrophic cardiomyopathy, multiple
coronary artery-left ventricular fistulae, and a morphological structure
mimicking left ventricular noncompaction: statue of cerberus or double-
headed eagle? Circulation. 2015;131(24):2161–3.

7. Zhang J, Ko JM, Guileyardo JM, Roberts WC. A review of spontaneous
closure of ventricular septal defect. Proc (Bayl Univ Med Cent). 2015;28(4):
516–20.

8. Monserrat L, Hermida-Prieto M, Fernandez X, Rodríguez I, Dumont C, Cazón
L, Cuesta MG, Gonzalez-Juanatey C, Peteiro J, Alvarez N, Penas-Lado M,
Castro-Beiras A. Mutation in the alpha-cardiac actin gene associated with
apical hypertrophic cardiomyopathy, left ventricular non-compaction, and
septal defects. Eur Heart J. 2007;28(16):1953–61.

9. Germans T, Wilde AA, Dijkmans PA, Chai W, Kamp O, Pinto YM, van Rossum
AC. Structural abnormalities of the inferoseptal left ventricular wall detected
by cardiac magnetic resonance imaging in carriers of hypertrophic
cardiomyopathy mutations. J Am Coll Cardiol. 2006;48(12):2518–23.

10. Maron MS, Rowin EJ, Lin D, Appelbaum E, Chan RH, Gibson CM, Lesser JR,
Lindberg J, Haas TS, Udelson JE, Manning WJ, Maron BJ. Prevalence and
clinical profile of myocardial crypts in hypertrophic cardiomyopathy.
Circulation Cardiovascular imaging. 2012;5(4):441–7.

11. Nir A, Weintraub Z, Oliven A, Kelener J, Lurie M. Anatomic evidence of
spontaneous intrauterine closure of a ventricular septal defect. Pediatr
Cardiol. 1990;11(4):208–10.

12. Dasgupta S, Aly AM. An Unusual Mechanism of Closure of Muscular
Ventricular Septal. Defects. Case Rep Pediatr. 2017;2017(4):1–3.

Zheng et al. BMC Cardiovascular Disorders           (2019) 19:16 Page 5 of 5


	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

